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Abstract

In response to the low self-sufficiency rate of soybeans in China, the prominent competition for land
with corn, and the significant potential for developing saline-alkali lands, this study was conducted
in 2024 on typical light to moderate saline-alkali land in coastal Hebei (with soil salinity ranging
from 0.2% to 0.4%). The research aimed to improve soil quality using composite organic materials
(matured cow manure combined with local advantageous nitrogen-fixing and salt-tolerant bacteria)
and compared three strip intercropping patterns of soybean-corn at ratios of 4:2, 4:4, and 6:4
against monoculture practices. Base fertilizer of 5 m3/667m2 composite material was applied, and
microbial agent was supplemented by drip irrigation at the 2-leaf seedling stage. The study evalu-
ated leaf area index, yield, and soil nutrient content in the plow layer during different growth stages
of the crops. The results indicated that intercropping reduced soybean leaf area by 12% to 36%
compared to monoculture; however, treatment three (6:4 ratio) achieved the highest soybean yield
at 94.0 kg/667m?2 while treatment one (4:2 ratio) produced the highest corn yield at 466.7
kg/667mz. The overall combined yield of treatment one reached a total of 552.3 kg/667m?2, higher
than other cultivation models. Furthermore, under the 4:4 pattern, soil organic matter as well as
total nitrogen and phosphorus increased by approximately 3.8%, 11.4%, and 12.5%, respectively
when compared to control conditions. These findings suggest that composite organic materials
could alleviate saline-alkali constraints while enhancing soil fertility; among them, the intercrop-
ping model at a ratio of 4:2 balances high yields with mechanized sowing and harvesting pro-
cesses—making it a reference or recommended technique for strip intercropping soybeans and
corn on coastal saline-alkali lands.
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KOG AT E R A E A S — RORYE, 2021 4EE 72X 1640 /5 t, M MIH Pk 1.12 12
t, F4A RN 14.7%, 85% LA FARHEE T[] #2410 577 1.95 thm? i, #5584 F 45 T Fritdkih 0.47 12 hm?,
FS T IREH LI R 1 39%, 5 R KRSFE RSP JEIREL. FOREFFM 0.42 14 hm?, R R KA
Y, 3 i BN AR S BTN . 2020~2023 F s — S o R IUAEE “KE - B2k
HRE AP FUONFRRY WSS HAR, WMEGIL. R, SRR E AR EAN R KR
JEHET, HAF 2025 4EHIAIL 0.1 12 hm?, J34+Er k& 800 Jilli[2]. SR ALE EhHRIX () R GEiTE TR 4K
R A EER BRI 0.99 12 hm?, AR B R HIF R 1 0.13 12 hm?, S firiiei . HEdE. 7
JE A BERIZR AU RA T TR [3] 0 XS Xy K B A . BEE & i/ 3~6 g/kg. pH8.0~9.5, T K FEAL
60%, K5 K Eh Mk L FEm A [4]. Rk, R EFEMN R BEY R, 2ScmMERY M H
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RERZF AT IR ORI SR 7 MRS 2 R R PR AT EAR P Ik pH 0.3~0.8 #fi, & Nat+ 25%LA k.,
FC A REAT . JETERRSEA HUPDEE ] A 3K A R A48 0 60%, A HLBTHETH 6~12 glkg, 1E¥IHE ™ 30%~55%
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2. ¥ E55/%
2.1. iRt A

ARG T 2024 FEAEI AL B KB BRI 7 AT 11 AR 37IEHAT . SEI6GFTH 5N
JRIEHF SR, FEM TR A FAL M BN #EE (0~20 cm) % EE 4> 0.29%~0.4%, pH 1 7.6~8.6, HHLFEF
BIE 8N 1.23%. %N 0.09%. 4N 0.07%. 448 2.15%. 56 T FH T KK G B 44 00 24 1 b
afl, RN “IRE 37 M “3T 217 o FTHBIE G NUARE K SR bR oy B A A H ik AR 4 B R A 78 4y
Ji 35 2R S AT

22. EAANINNEER

AW FECA TS B B R SR EE M R, A AR, T RTR IR

N T BRAF S AR LA E S IR B AE IR, AR E RS ERRIRE T, Kok B AR E
AR PR R S BER 43  h T i h 4 E B h, E 2 A R K SRR AR PR L, CRA YMA iaRdk
RILEL S R 585 Aifb Al 16sRNA %55, RGILH AR Bradyrhizobium japonicum. Azotobacter sa-
linestris. Bacillus subtilis. Actinomycetes 1 Bacillus amyloliquefaciens. YMA 3555 1 B a0 5 H 1
NaCl. BBFE . KoHPO,. Rh IETR%E, pH EIZHIAE 6.8~7.0 [7]. FFiX L85 B 5 40 70 H1 % 48 /N5
TRE B R D, BE S — 3B T RE % 0.05%~0.1% 1 LR AN 78 70 T8 G A 3 MBI R & F
WUPIEY, o — 43 B R ) i 3 Tt N AEL AR B

2.3, At

T IARAE P BRI E R, AW E SR B I AR I R A S O TR R AR 3SR SIE A
HAEGHIIRE, % 5 77 F RN EIEE IS SRR MR K ARIE T8 5E, e K 2 I
U RER K R AE DB B N AR o B2 T2 F T, AWFFUEREC T a0 R E R, KT -
ToRATHL 4:2 (WbFE 1), 4:4 (KbHE 2). 6:4 (AbFE 3)%5 3 AR, AP KGR R K AT 58 4504 30 cm Al
40cm, FREESH109 10cm A1 15em, KEFEKATEIEE 70 cm. FAE X85 T, b iargdbE
AR 20 KON 1 ANER, JLRE 3AESE, SAMEAL 15 B, DU R KR K S AR Rt IR AL R
(CK, AWfd FIE 2R 3%), A Al 7 R E( B eI 45 SR SRI) A K Ok D . e,
FLASAFN IR ) AN 5 B A P e TR AR R e 28 =i, LA SR S5 L3897 40 & s AR AN o PR B P )7 B
2 O 7 AT
2.4. EFREET

FERE B REAEI] L &5 SR SR T 25 A B 0 K 7 42 B R Y 126 ORI ST 1 10 MRAEFH D
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Figure 1. Leaf area of corn under different planting modes at various growth stages
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Figure 2. Leaf area of soybean under different planting modes at various growth stages
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3.3. FEMEEREATHXE - XK=&

XA AAL B NI E TR EM TR &, IR Lo Proadb B R E ORI B R R — A AR,
MR =B, ALEE 3 > 4B 2 > AF 1, HrpAbs 3 s m THRM MR, WIOK™ R HE, 4
B> feE 2> SR 3, HAsE s THAPAEE, N AR, AR 1> AR 3> 4P 2,
REFE 1w THARPIASAEEE, TR E A 2 7 AR

Table 1. Crop yields under different planting mode
1 FEEXTED~E

K (Kg/HT) T K (kg/HT) K7 (Kg/H)

AhEE 1 (4:2) 85.6 + 6.8 466.7 + 35 552.3 + 38

AEEE 2 (4:4) 82.7 6.6 4421 +33 524.7 £ 41

AhEE 3 (6:4) 94.0£7.2 433.9 30 527.9 £ 42
HAE(CK) 209.6 +15.3 547.2 + 42

34. FRAMEREATHHERIERSE

AFFIEHEA T LTS EENEL 20 KEFKMIRE SRR N 1 LA PR & 255 ER
X, ErE L2 AR EAREE, Kb RKEEK 44 AT HIEEIRS B, BN 3.8%0L
Fo REFRK 44X TLBELREELE & THRLHE, BN 11.4%. KT K 4:4 AT L%
SRS E T A, R RN 12.5% 0, . s T g Aes S E, B R EA SRR, HUON
KEFEK 64 B 25 b1, KEFKRNIRE EFR B L5858 48 B BB 8UR.

Table 2. Soil nutrients content in tillage layer under different planting mode

=2 AERATIREMEFRSSE

HHUR AR e A
AbFR 1 (4:2) 12.50 + 0.322 0.78 +0.03? 0.74 +0.04° 22.71 +1.56°
AEFR 2 (4:4) 12.65 + 0.20° 0.71 +0.06P 0.99 + 0.09° 25.18 +1.212
AbFE 3 (6:4) 12.32 £0.132 0.71 £0.02° 0.84 +0.14%® 25.40 + 1.36°
HAEKE(CK) 12.19 +0.392 0.70 +£0.03° 0.78 +0.03° 26.33 +0.72°
HAEEK(CK) 12.16 +0.212 0.70 £ 0.02b 0.88 + 0.05% 19.25 + 1.15¢
H: BHIMARZRFRRA A ERFE P < 0.05 KFERTE.

4. ¥+1ig

ARH AL R B SR UL 1 “ KT - FoKAIRE SFE + S5 AR X — R AR 1]
17, N SRR R R ) SRS X PR AR A 1 B S . AR RN, BMERTZ E8) 0.2%~0.4%.
pH 7.6~8.6, & & FEATI AT 3815 527~552 kg/ Ry 1677, AT M b B /E £oK 1 96%~101%, SEIL T Ehasi
e = R FEACR EH S 10 6:4 BT KGRk 94 ko/m, % 42 5 44 A5 H8Em 9.9%F
13.7%, Ut AT 4 3G K G A I T 22 A R0 P8 BV A6 A 2, H KA I Jo 7 D0 DRI A7 400 3% ) 5% 1
[9]. DRtt, 7EERmach e 06 A0 s B et B LG, T IR B AR R I 4027 HRAR

T AR S S ik 2h B R 5 6 A g & fakr . ARER R, B & A i ok G i AR 4 B
6T BA0E, BRI I AE BRI (35.6%), 5 F Nat & & THi . BB T EERe A o0 AT, b3 1(4:2)
T KT AR TE T AE X PR 5.8%, Y MR R 2.1%, FEEET 70 om AT EGEE KB . [HI5E
HE, AR S RAFEIFAERIE M. AP 3 KE M AR Bk, (H7= B Y BLAE i ArE o
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T ARR ] S5 1 e i 1 604 A5, 3RO R TR A Mo I B AR AE M 0 5 B T RS R E], e
A RO A HIAN[10]. K, JEEENSE A M, AR IO I BC RN sk, L& 2R 55
BAMKIGFRE. S5, RGN TR EE S K G - TR RIEES G, dE2 stk
B+ RKEE"EM. 42 5 6:4 B, KT 2GR 2 546K 1.8 hy 1.3h/d, PAR 5% T % 28%~36%;
BRI A AL g B —— L T AR AR Nati S R R, SR A i AR A K PR I 35.6% [11]
{ELIE B B[R] 26 B 2 IR 2.1°C, /b 7800 14%, A IRIE K £ B 4E 0~20 cm KEMRIX, ZZfRLh -
EEMNG; 6:4 T RGP B 4:2 80 9.9%, For “iik - KEREM” FAEMEBIE, iz
TP A R FORR[12].

SEANE RO EAE TR - GHUR - 1EY) 7 = AL — R R A 58 F 1) Bradyrhizobium
japonicum. Azotobacter salinestris & 5 HRAMN A H, FIEMR PRS- 208 SA PR, CHRHT Na*,
B pH 0.3~0.5 A, {FEHZE KHIZRMA(>0.25 mm)LLfilf 36%4& T+ & 54%, A HLTIE I 0.13~0.49 g/kg
[6]. /RELXIGIRAEPIAIR, EAESHE T, MEAVTIEF AT e B & 7 e s S EEETE,
MR AR R AR 4:4 B0 B Ie R 11.4%, 2B E 12.5%, SHETIMAE. FRE b
BAIUBEH A MAHERARE, FESERIGRE SHT Y. SNEHRN DA K[13]. EEETT
&, AR IR 5 J AT ED A PR AR AR A RN, LR 4.5 thm? FEFFE T + 3 AL 220 K 7T A R
A, NAR ARG T AR AT

BeAh, AR LE A A G 2 R B IZHAR R G AT — AN EERE R, A E N5, &
WF5 o 30 105 54 HLAEH400 To/7T) B A (30 To/1T) HLIEFLI(60 To/1T) & A L4 490 TT/T -
MAHE T 4:2 B EKIREF 466.7 kol (S HRAERET), #FMICK S 85.6 kg/Hi, 1% K& 5.0 u/kg it
#A 428 o, WEALAE(ZE N 3 kg P2Os 2 kg)HTELL) 70 JG, FUa MIE, SEIEARR T . HitExR
X K G T KA A BOR AN, 25 KM & T 5.0 Jo/kg B A AR R AN, 3R a] ik — 2 4R
Tt BT ZU T,

gr b, UMK T - FORAPIRE A PR S Bk T it SR b - B AL - A E e s =
BEMA . ARMMCL T H TR : (1) 83T R B s A AR, SeBl “ sl 31K
A RS TT[14]: (2) R ZEEFA SEHEAR, B ERME B PRAEAR bR i) e FEA i 5 Th e R R &
ik, FRERITES pHy 1 Nat gk FRFEE IR I R A [13]: (3) “A B ANLZ IS Al AR
SO, FERERRE KBS RS, SRR SHESHAER: (4) R 3F EREMRE, YA
B [ 73 36 SR = SRV G IR B 1. AR 2. A TR S5 s
TREERL G, B L IEAE R0 5 B i b o [ SRR T 22 4= R0 18 KAl o
5. &g

AR T LA AR B 39 4 B P A ] ORI TS 5k 40 T R0 78 40 JE A ) A8 3R R B R A WL R 0K
PO T K& KA FATHOE BT R AR (EY 5= & R IR DG 5L B 98 R 2R Bl it FH 52 &
AR RYEHE AR 2% 2. SHERS RSN FBRER S, K ERWIRE S FH
Xif H IR R T RO T oA, PR RO, 6:4 ATHRE FRE B, 42 IE F4b~
#7544 BEAMHEARE, H 42 BEEEEPUAE, BN E R SHRE LI, H#3E 4.2 F
TR
& H

b4 R SR T H (242N64012): 158 HE T 513k 4h 8 135 H (20240019).
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